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Qt) This invention provides organopolysiloxane materials 
having cone penetration between about 100 and about 350 
(10~ 1 mm) and ultimate elongation of at least 100% and hav- 
ing reduced surface tack. This invention provides three 
methods of obtaining said materials with reduced surface 
tack. The first method comprises applying to the surface of 
such material an organic peroxide or a photoinitiator and 
irradiating the surface with ultraviolet light to further crosslink 
the surface to reduce or eliminate the tack of the surface. The 
second method comprises mixing a photoinitiator, such as 
benzophenone, in an organopolysiloxane fluid, thermally 
crosslinking the organopolysiloxane fluid to produce the 
material with the above cone penetration and ultimate elon- 
gation then irradiating the surface of the material with ultra- 
vi let light to reduce or eliminate the tack of the surface. The 
third method comprises mixing a photoinitiator, such as ben- 
zophenone, in an organopolysiloxane fluid, crosslinking the 
fluid by irradiating a layer of the fluid with ultraviol t light t 
produce the above cone penetration and ultimate elongati n 
properties then furth r irradiating the crosslinked material to 
reduce or eliminate the surface tack; this method can be 
carried out by simultaneous irradiation with ultravi let light 
from two sides of a layer of the organopolysiloxane wherein 



one surface is irradiated at a higher intensity than the other 
surface. The materials produced by this invention are useful 
as tapes and sealants. 



Croydon Printing Company Ltd. 
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Description 

Organopoiysiioxane Ma terials H aving De0 r fta .^ Surfaoe Ta „„ 
Field of the Invention 

This invention relates to organopoiysiioxane materials 
having a cone penetration between about 100 and about 350 
(10- mm) (ASTM No. D217-68) and ultimate elongation of at 
least about 100* (ASTM No. D638-8O) and in particular is 
related to reducing the surface tack of these materials. 
Backgro und of the Invention 

A wide variety of organopolysiloxanes are known in 
the art and have been used for a wide variety of purpose. 
This invention relates to those organopolysiloxanes having 
the above cone penetration and ultimate elongation proper- 

ZITT ma r rlal alS ° ^ 3 high SUrfaCe tackiness. 

These materxals are useful, as sealants and encapsulants to 

protect substrates from environmental exposure and are par 
ticularly useful in thin sheets or tapes having a thickness" 
of 5 mm or less. Due to the surface tackiness and other 
properties of these materials, they are difficult to handle. 
The handling qualities can be improved by crosslinking the 
organopoiysiioxane in a flexible matrix as disclosed in 
copending European application publication no. 0108518 filed 
June 23, 1983. When, such materials are wrapped around a 
substrate or applied to a substrate the exposed surface of 
the material remains tacky, it is desirable to provide such 
a material which has a reduced or non-tacky surface when 
installed on a substrate. 

U.S. Patent 4,163,082 to Romenesko discloses reducing or 
eliminating surface tack on organopoiysiioxane gels or 
greases by applying to the surface of the gel or grease an 
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additional layer of a liquid organopolysiloxane composition 
which is UV curable then curing the coating by ultraviolet 
radiation. U.S. Patent 4,364,809 to Sato et al. relates to 
organopolysiloxanes cured to rubbery elastomer thin sheets 
but does not particularly address the desirability of having 
a non- tacky surface thereon. 

Other references which illustrate the general background 
of organopolysiloxane materials, there preparation, curing, 
and. the like include U.S. patent 4,196,273 to Imai et al.; 
3,624,022 to Ross; 4,064,027 to Gant and 4,163,081 to 
Schulz. 

U.S. Patent 2,762,609 to Lewis et al. relates to organo- 
polysiloxanes which in one aspect are partially cured on one 
surface and left uncured on the other surface then installed 
on a substrate and then fully vulcanized in place. 

The disclosures of the above patents are incorporated 
herein by reference with respect to the conventional and 
general background relative to the types of organopolysi- 
loxane materials which may be crosslinked, the methods of 
crosslinking polysiloxanes , the initiators used to initiate 
the crosslinking and other conventional aspects of the orga- 
nopolysiloxane art. 

Description of the Invention 

In one aspect, this invention relates to a method of 
reducing the surface tack of crosslinked organopolysiloxane 
materials having cone penetration between about 100 and 
about 350 (10- 1 mm) and ultimate elongation at least about 
100% which comprises: 

applying to the surface of said material an effective amount 
of an organic peroxide or a photoinitiator ; and 
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irradiating the surface with ultraviolet light to effect a 
further crosslinking of the surface of said material to 
reduce the surface tack thereof without effecting signifi- 
cant further crosslinking of said material below said sur- 
face. 

In another aspect, this invention relates to a method of 
producing a crosslinked organopolysiloxane material having 
cone penetration between about 100 and about 350 (10-lmm) 
and ultimate elongation of at least about 100* and having 
reduced surface tack which comprises: 

mixing in an organopolysiloxane fluid an effective amount of 
a photoinitiator; 

thermally crosslinking said organopolysiloxane fluid to a 
cone penetration between about 100 and about 350 (10-1mm) 
and an ultimate elongation of at least about 100*; and 

irradiating the surface with ultraviolet light to effect a 
further crosslinking of the surface of said material to 
reduce the surface tack thereof without effecting signifi- 
cant further crosslinking of said material below said sur- 
face. 

In another aspect, this invention relates to a method of 
producing a crosslinked organopolysiloxane material having 
cone penetration between about 100 and 350 (10-1mm) and 
ultimate elongation of at least about 100* and having reduce 
surface tack which comprises: 

mixing in an organopolysiloxane fluid an effective amount of 
a photoinitiator; 

crosslinking said organopolysiloxane fluid to a material 
having cone penetration between about 100 and about 350 
(10-1mm) and an ultimate elongation of at least about 100* 
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by irradiating said fluid with ultraviolet light; and 

irradiating a surface of said material with ultraviolet 
light to effect a further crosslinking of the surface of 
said material to reduce the surface tack thereof without 
effecting significant further crosslinking of said material 
below said surface. 

As part of this aspect of the invention an organic 
peroxide can also be mixed in the organopolysiloxane fluid, 
the fluid crosslinked then the surface irradiated to reduce 
the surface tack. As another part of this aspect of the 
invention, the crosslinking of said fluid and the irra- 
diating of a surface to reduce surface tack may be performed 
simultaneously by irradiating the fluid from two sides with 
different intensity irradiation. 

In another aspect, this invention relates to organopoly- 
siloxane materials which are produced by the above methods 
and have reduced or eliminated surface tack on at least one 
surface. 

In another aspect, this invention relates to substrates 
having the above materials disposed thereon to provide 
environmental or other sealing or protection of the 
substrate. 

The organopolysiloxanes useful in this invention may be 
any general purpose organopolysiloxane fluid which can be 
crosslinked to provide a cone penetration between about 100 
and about 350 (lO^mm) and an ultimate elongation of at 
least 100*. These organopolysiloxanes may have various 
substituents thereon to provide particularly desired proper- 
ties known in the prior art. A preferred class of organopo- 
lysiloxanes are the polydimethylsiloxanes which may be 
trimethyl terminated, vinyl terminated, methyl terminated, 
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and the like. Other preferred classes of organopolysiloxane 
fluids include the polyvinylmethylsiloxanes copolymer with 
dimethylsiloxanes or methylsiloxanes with similar ter- 
mination groups. A particularly preferred organopolysi- 
loxane is the vinyl crosslinked organopolysiloxanes 
disclosed in the copending application (MP1058-US1) filed of 
even date herewith. 

In general the organopolysiloxanes crosslinked to pro- 
vide the above cone penetration and ultimate elongation pro- 
perties which make them useful as sealants and materials for 
protecting substrates. The high surface tackiness of these 
materials provides a good seal with the substrate to prevent 
water or other contamination of the substrate. These 
materials also have good elastic recovery forces and self- 
healing properties as well as other characteristics which 
make them particularly useful. 

The organic peroxides useful in the method of this 
invention include conventional organic peroxides which are 
useful in the photocuring of organopolysiloxanes, such as 
benzoyl peroxide, di-tert-butyl peroxide, tert-butyl cumyl 
peroxide, dicumyl peroxide, and peroxyesters such as tert- 
butyl peroxy, isopropylcarbonate, tert-butylperoxy benzoate 
and the like. Various other organic perioxides useful in 
this invention are enumerated in the background patents 
referred to above. 

The photoinitiators useful in the methods of this inven- 
tion are likewise well known in the art as conventional pho- 
toinitiators for ultraviolet radiation curing of 
organopolysiloxanes and include such compjounds as ben- 
zophenone , acetophenone , anthraquinone , benzaldehyde , 
tr iphenzlamine , 1-hydroxycyclohexylphenyl ketone , 
diethyoxyacetophenone , benzoine thers , 2-chlorothioxan thone , 
benzil and benzil ketals. Other similar photoinitiators 
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will be be apparent from the background patents cited above 
as well as other sources. 

When the organic peroxide or photoinitiator is applied 
to the surface of a crosslinked organopolysiloxane material 
according to this invention, the application may be by 
spraying, rolling, brushing, or other method of evenly 
distributing the organic peroxide or photoinitiator on the 
surface of said material. A preferred method of applying 
the organic peroxide or photoinitiator is in a solvent solu- 
tion wherein the solvent is not incompatible with the 
crosslinked organopolysiloxane material and does not adver- 
sely affect the 0V radiation crosslinking of the surface of 
the material. The organic peroxide or photoinitiator may be 
applied as a 0.1* by weight or higher solution provided that 
the surface of the crosslinked organopolysiloxane material 
is sufficiently coated with an effective amount thereof to 
effect the UV crosslinking of said surface. It is generally 
useful to use about 3* to about 104 solutions. 

When the photoinitiator is mixed with the organopolysi- 
loxane fluid before it is crosslinked, the photoinitiator 
can be present in any amount effective to provide efficient 
UV crosslinking of the organopolysiloxane fluid and/or the 
surface of the crosslinked material. An effective amount 
may range from about 0.05% to about 5.0* by weight based on 
the organopolysiloxane fluid. In general an effective 
amount will range from about 0.1* to about 1.0* and in many 
applications an effective amount will be about 0.5* by 
weight. 

When the organopolysiloxane fluid is thermally 
crosslinked according to this invention, temperatures in the 
range of about 50°C to about 250°C are useful for most 
general purpose organopolysiloxane fluids. 
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The ultraviolet light used for crosslinking according to 
this invention is conventional high intensity UV radiation 
used for curing brganopolysiloxane fluids. The intensity 
and time of exposure to achieve the crosslinking of the sur- 
face of the organopolysiloxane materials according to this 
invention will vary depending on the characteristics of the 
organopolysiloxane material as well as the organic peroxide 
or the photoinitiator used. In general, ultraviolet light 
having a power of 100 to 1500 watts and can be applied for a 
period of about 1 to about 3 00 seconds while from about 5 to 
about 120 seconds will in general produce the desired result 
according to this invention. When ultraviolet light is used 
to crosslink the organopolysiloxane fluid according to this 
invention as well as crosslink the surface of the resulting 
material conventional levels of irradiation with the ultra- 
violet light may be used to obtain the cone penetration and 
elongation by use desired according to this invention. It 
should alsobe noted that when ultraviolet light is used to 
crosslink the organopolysiloxane fluid as well as to 
crosslink the surface thereof these curing mechanisms may be 
performed simultaneously by providing ultraviolet light on 
both sides of a layer of the organopolysiloxane and pro- 
viding a higher intensity on the side where it is desired to 
reduce or eliminate the surface tack. 

The materials produced according to this invention may 
be used as sheets or tapes for environmental or other pro- 
tection of substrates. When applied to the substrate the 
materials of this invention will have a surface exposed 
which has reduced or no surface tack. 

This invention may be further illustrated by reference 
to the following examples: 



Example 1 
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An organopolysiloxane fluid, commercially available as 
KE 104 Gel from Shin-Etsu Chemical Co, Ltd of Tokoyo, Japan, 
and which is a platinum catalized addition cure, was ther^ 
mally cured at a temperature of 150°C to a cone penetration 
of 262 (ASTM No. D217-68) and ultimate elongation of 4504 
(ASTM No. D638-80) in the form of sheets 2, 3 and 4 mm 
thick, respectively, no additive was used in this example. 
Side 1 of each sheet was exposed to ultraviolet light at a 
power of 1500 watts, 12 inches from the sample, for up to 
180 seconds as indicated in the following table. After 
exposure to the ultraviolet light, the surface tackiness or 
adhesion was measured on a Voland-Stevens LFRA Texture 
Analyzer. A tape or strip of each sheet is placed on a 
stage with a 0.5 inch hole. A 0.25 inch ball probe is 
pressed against the strip over the hole at a speed of 2.0 
mm/sec. to a depth of 1.0 mm then retracted at the same 
speed of 2.0 m/sec. The adhesion values are given in grams 
in the following table for side 1 and side" 2 of each of the 
three sheets. 
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Table 1 



2 mm 



3 mm 



4 mm 



1 

2 

1 
2 

1 

2 



t ime =0 


10sec 


30sec 


60 sec 


120sec 


_l80seo 


11.8 


11.3 


11.7 


9.8 


10.6 


10.8 


6.6 


7.3 


7.1 


6.3 


7.5 


7. 1 


5.0 


4.7 


4.7 


5.5 


4.9 


5.2 


7.4 


5.5 


7.4 


7.8 


7.8 


7.6 


4.3 


3.8 


4.0 


4.7 


4.9 


4.4 


5.9 


6.1 


7.2 


7.3 


6.7 


.6.3 



Example 2 

In this example, the same organopolysiloxane material 
from Example 1 and having the same cone penetration and 
elongation values was used. In this example side 1 of each 
sheet was coated with a 3 * solution of benophenone in 
2-propanol and allowed to dry. Side 1 of each sheet was 
then exposed to the same UV light source used in Example 1 
for the time periods indicated up to 180 seconds. After the 
exposure the surface tackiness or adhesion of side 1 and 
sxdej* of each sheet was measured in accordance with Example 
1. The results are set forth in the following Table 2 
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Table 2 



%J 1U V»» 


Side 


Adhesior 
time=0 


i 

10sec 


30se£ 
i 


60sec 


120sec 


l80sec 


p mm 


1 


4-. 5 


4.3 


3-7 


1.2 


1.0 


0.5 


i 


2 


4.5 


4.2 


4.4 


4.7 


4.8 


4.3 


i 3 mm 


1 


4.4 


3-7 


3.5 


2.7 


1.5 


0.8 




2 


4.7 


4.3 


5.0 


5.2 


5.7 


5.3 


4 mm 


1 


4.4 


3.4 


1.4 


1.2, 


1.0 


0.08 




2 


4.7 


4.3 


4.2 


4.7 


4.5 


4.3 



Example 3 

In this example, the same organopolysiloxane fluid was 
used as in Example 1 except at 0.5« by weight benzophenone 
was mixed with the fluid before it was cured to the cone 
penetration and ultimate elongation values set forth in 
Example 1. A 3 mm thick sheet of the crosslinked material 
was exposed to the same UV light source used in Examples 1 
and 2 for the time periods indicated in the following table 
up to 180 seconds. After the UV light exposure the surface 
tackiness or adhesion of each side of the sheet was measured 
in accordance with Example 1. The results are set forth in 
the following Table 3» 
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3 mm 



1 

2 



9.4 
5. 1 



8.6 
5.7 



4.8 
5.3 



2.8 
5.3 



2. 1 
5.9 



Example 4 



In this example, an organopolysiloxane fluid which is a 
mixture of trimethyl terminated poly dimethylsiloxane with 
5* by weight divinyl terminated dimethylpolysiloxane and 
0.5% benzoyl peroxide was heat cured under nitrogen at a 
temperature of 150«C to a cone penetration of 260 and ulti- 
mate elongation of 850*. The material was crosslinked in a 
sheet 3 mm thick. No additives were applied to the surface 
of the sheet in this example. Side 1 of the sheet was 
exposed to the same ultraviolet light source as in the above 
examples for the periods of time indicated in the following 
table. After the UV light exposure the surface tackiness or 
adhesion was measured in accordance with Example 1 and the 
results are set forth below in Table 4. 



1.8 
5.3 
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Table 4 



Time of UV 

Exposure: 

(Seconds) 


0 


10 


30 


60 


120 


180 


ADHESION 

No additives 
Side 1 


2.5 


2.8 


2.8 


2.9 


3-2 


3.6 


Side 2 


3.1 


2.9 


2.7 


2.8 


2.9 


2.7 


Ratio (Side 1/2) 


0.81 


0.96 


0.97 


1.04 


1. 10 


1.33 



Example 5 

The same organopolysiloxane fluid of Example 4 was cured 
to the same cone penetration and ultimate elongation values 
as Example 4 and a sheet 3 mm thick. A 3< solution of ben- 
zophenone and 2-propanol was applied to side 1 of the sheet 
then side 1 was exposed to the same ultraviolet light source 
as in the previous examples. After exposure to the UV light 
the surface tackiness or adhesion was measured in accordance 
with Example 1 and the results are set forth in the 
following Table 5. 
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Table 5 



Time of tJ 
Exposure: 
(Seconds ) 



ADHESION 

Benzophenone on 
side 1 

Side 1 




Ratio (Side 1/2) 



Example 6 



Exa-n," T 3 e3tanPle ' ^ SSme °"S*°°P°^Uox a ,,e fluid as i„ 
Example 4 was used, with 0.5* benzophenone n lxed In the fluid 
then cured tn t-v.^ ~k • e fluid 

el o nga tio„ d ^ Tiiz: ::t::?:/:: e u rr 

1. 3 - thlc*. was exposed to the'sle £ t t ^'i™* 
sou rce as Indloated above for the periods of time se forth 

n elo both zr?z:Tr or adhesio ° ~ ^ ~~ 

below m Zl 6 Deet reSU " S — S « f °"> 
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Table 6 



Time of UV 
Exposure : 
(Seconds) 


0 


10 


30 


60 


120 


180 


Benzophenone in 
fluid 

Side 1 


3.2 


2.2 


1.3 


0.6 


0.3 


* 

0.1 


Side 2 


3-8 


3.8 


3-6 


3.4 


3.6 


3-7 


Ratio (Side 1/2) 


0.84 


0.58 


0.36 


0.18 


0.08 


0.05 
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Claims 

1. 



cross, • * " eth ° d of ■""•Wing the surface tack of 
croaslmked org anopo l y sUoxane materials having cone 
penetration between about ,00 an, about 350 (,0-C and 
nitrate elongation at least about ,00, which comprises 

^Plying to the surface of said material an effective 
amount of an organic peroxide or a photoinitiator; and 

irradiating the surface with ultraviolet light to effect 
a further crossUpking of the supfaee of - . t . pl ™ t 
to reduce the surface tack thereof without effecting 

::i::u:;:ie: urther orossiinkin ° ° f — 

' meth0<1 a ° Cordln S t0 °lai m 1 wherein the organic 

z :. oomprises ben2ow — - ~» pero g :r° 



3. A method according to claim , wherein the photoini 
tiator comprises benzophenone or a substituted acetoplL:" 

A method of producing a crosslinked organopolvsi 
loxaoe material having cone penetration between about "oo" 
and about 350 C10-1 m m) and ultimate elongation of \ 
about , 00t and having reduced surface taoT wh^^r i ses : 

nixing in an organopolysUoxane fluid an effective 
amount of a photoinitlator; 

thermally crosslloking said organopolysUoxane fluid to 
a cone penetration between about ,00 and about 350 

100 t ."nd and " Ulti,Date el °^ t10 " <* at least about 



0204427 



_ 1S - MP1054 EPC 

irradiating the surface with ultraviolet light to effect 
a further crosslinking of the surface of said material 
to reduce the surface tack thereof without effecting 
significant further crosslinking of said material below 
said surface. 

5. A method according to claim 4 wherein the photoini- 
tiator comprises benzophenone , a substituted acetophenone , 
anthroquinone or tr iphenylamine. 

6. A method of producing a crosslinked organopolysi- 
loxane material having cone penetration between about 100 
and 350 (10- 1 mm) and ultimate elongation of at least about 
100« and having reduce surface tack which comprises: 

mixing in an organopolysiloxane fluid an effective 
amount of a photoinitiator ; 

crosslinking said organopolysiloxane fluid to a material 
having cone penetration between about 100 and about 350 
(10- 1 mm) and an ultimate elongation of at least about 
100% by irradiating said fluid with ultraviolet light; 
and 

irradiating a surface of said material with ultraviolet 
light to effect a further crosslinking of the surface of 
said material to reduce the surface tack thereof without 
effecting significant further crosslinking of said 
material below said surface. 

7. A method according to claim 6 wherein the organopo- 
lysiloxane further contains an organic peroxide in mixture 
therewith and wherein the crosslinking of the organopolysi- 
loxane fluid is effected simultaneously with the 
crosslinking of the surface by irradiating two sides of the 
fluid with different intensity ultraviolet light. 
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8. An organopolysiloxane material h .vin, ™ 

forced by: haVlng redUCed 3urfa0e *aok 

applying to the surface of said material an effective 
amount of an organic peroxide or a photoinitiator; and 

Irradiating the surface with ultraviolet light to eff„,f 
• . further oros31i„ k i ng of tne 3urfaoe of J^llZl 
to reduce the surfeoe tack thereof without ef footing 
Hu l ltlZ/:^" « «" -terlal helow 

tion 9 h. t A " 0 ^ anopol > rsll °«ne material having oone penetra- 
tion between about 100 end about 350 (,0-1-,, and ultimate 
elongation of at least mm = „.<.., ultimate 
formed by: " aVlnS redUOed surf " e *ack 

mixing in an organopolysiloxane fluid an effeetive 
amount of a photoinltiatorj 

thermally orosslinking said organopolysiloxane fluid to 
a oone penetration between about 100 and about 350 

- ultimate elongation of at least about 

Tfurt'L"" 8 ^ SUrfa ° e " ith ""-"'I-' il«ht to effect 
a further orosslinking of the surface of said material 
to reduce the surface tack thereof without effecting 
3a!riu;fa n Ie" rfcher ""•»■"- °' «" -terial below 

10. An organopolysiloxane material having oone penetra 
ell ^ ""V 01 " 100 ab ° Ut 350 <"-'->«» ultima te 

of at ieast ,o °* a - d — — j. 
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mixing in an organopolysiloxane fluid an effective 
amount of a photoinitiator ; 

crosslinking said organopolysiloxane fluid to a material 
having cone penetration between about 100 and aboug 350 
(I0~ 1 mm) and an ultimate elongatio nof at^east about 
1001 by irradiating said fluid with ultraviolet light; 
and 

irradiating the surfce of said material with ultraviolet 
light to effect a further crosslinking of the surface of 
said material to reduce the surface tack thereof without 
effecting significant further crosslinking of said 
material below said. .surf ace. 
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© Organopolysiloxane materials having decreased surface tack. 

© This invention provides organopolysiloxane materials 
having cone penetration between about 100 and about 350 
OO^mm) and ultimate elongation of at least 100% and hav- 
ing reduced surface tack. This invention provides three 
methods of obtaining said materials with reduced surface 
tack. The first method comprises applying to the surface of 
such material an organic peroxide or a photoinitiator and 
irradiating the surface with ultraviolet light to further cross- 
link the surface to reduce or eliminate the tack of the surface. 
The second method comprises mixing a photoinitiator, such 
as benzophenone, in an organopolysiloxane fluid, thermally 
crosslinking the organopolysiloxane fluid to produce the 
material with the above cone penetration and ultimate elong- 



ation then irradiating the surface of the material with ultravio- 
let light to reduce or eliminate the tack of the surface. The 
third method comprises mixing a photoinitiator, such as ben- 
zophenone, in an organopolysiloxane fluid, crosslinking the 
fluid by irradiating a layer of the fluid with ultraviolet light to 
produce the above cone penetration and ultimate elongation 
properties then further irradiating the crossllnked material to 
reduce or eliminate the surface tack; this method can be car- 
ried out by simultaneous irradiation with ultraviolet tight 
from two sides of a layer of the organopolysiloxane wherein 
one surface is irradiated at a higher intensity than the other 
surface. The materials produced by this invention are useful 
as tapes and sealants. 
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